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1 Introduction
In RAN plenary#89, RANP discussed remaining issues of unaligned CA [1]. During the discussion, one issue was raised: whether more than 1 non-slot offsets can be configured in a band combination of MR-DC. Specifically, in RAN1#99 [2], it was agreed “at most single non-zero offset can be configured among CCs in the unaligned CA configuration”. However, when NR-DC + unaligned CA is configured, it is not clear whether “at most single offset” is within cell group or across cell groups. In another word, whether NR-DC can be configured with unaligned CA in both MCG and SCG with different non-zero slot offset. Due to time limitation, RAN plenary#89 didn’t make conclusion and leave it to WGs [1].
Agreement:
At most single non-zero offset duration (independent on SCS) can be configured among CCs in the unaligned CA configuration.

For this issue, we think that unaligned CA is supported only in one of CGs in NR-DC (i.e. either MCG or SCG) in this release. In this contribution, we share our understanding on this issue.
2 Discussion  

First, our understanding is that DC + unaligned CA is never in the scope of WID of DCCA [3], which is copied below:
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As we can see, only “Rel-16 inter-band CA” is in the scope.  
Observation 1: Supporting NR-DC is never in the scope of unaligned CA in WI - LTE_NR_DC_CA_enh-Core WID, whether only supporting “Rel-16 inter-band CA” is in the scope
Secondly, all related RAN1 agreements didn’t explicitly mention DC. Some agreements mentioned “PSCell”, but all these agreements emphasized “for CA case”.
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In our understanding, it implies that inter-CG frame-unaligned DC is not part of the definition of unaligned CA, i.e. unaligned CA is supported only in one of CGs in DC. For easy to check, we include all related RAN1 agreements in appendix. 
Observation 2: all RAN1 agreements on unaligned CA didn’t explicitly mention NR-DC. Some agreements mentioned “PSCell” but all these agreements emphasized “for CA case”.
Furthermore, we think some technique issues exist if we want to support NR-DC with unaligned CA in both MCG and SCG:
· Issue 1: definition of “Async NR-DC” is not clear 

As mentioned in RAN plenary discussion [2], one possible NR-DC + unaligned CA configuration is illustrated in Figure.1, where SCell 1 is shifted by 1 slot (30KHz) and SCell 2 is shifted by 2 slots (30KHz) while PCell and PSCell are SFN aligned.
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Figure.1 Issue scenario of NR-DC + unaligned CA
From UL perspective, it is regarded as sync NR-DC according to Clause 7.5.6 in 38.133 [4] because PCell and PSCell is SFN aligned.
However, from DL perspective, it should be regarded as async NR-DC according to Clause 7.6.6 in 38.133 [4] because SCell 1 and SCell 2 do not have slot boundary alignment. 

Then the UE will have ambiguity to determine whether the case in Figure.1 is sync NR-DC or async NR-DC, and its capability on supporting of Async NR-DC as well.

Note that this issue may exist even when in case of unaligned CA in one CG only. RAN4 should review the definition of sync-DC in their specification. However, since it is late stage of Rel-16, we should avoid signficant spec change, to stabilize Rel-16 specification.  
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· Issue 2: how to support intra-FR power sharing Mode 2 (i.e. Alt 1-2)
According to TS 38.306 [5], intra-FR power sharing Mode 2 (i.e. Alt 1-2) is only supported for sync intra-FR NR-DC. The reason behind this is that semi-static transmission direction check (i.e. DL or UL) across CG is needed. As illustrated in case 1) of Figure.2, for the case without unaligned CA, MCG can use up to full power in the 3nd and 4th  “UL” slots because there is no overlapped UL transmission with SCG. However, when MCG has unaligned CA as illustrated in case 2) and case 3) of Figure.2, SCell 1 and SCell 2 do not have slot boundary alignment. Although it is regarded as sync NR-DC from UL perspective according to Clause 7.5.6 in 38.133, it is not clear whether intra-FR power sharing Mode 2 can work, and UE’s semi-static transmission direction check is simpler when unaligned CA is supported in one CG only (i.e. case 2 is simpler than case 3).  
Observation 3: In some NR-DC + unaligned CA band combinations, SCell in MCG may not be slot aligned with SCell in SCG while PCell and PSCell are SFN aligned. It will cause below ambiguity for the UE:

1) According to definition of sync NR-DC in 38.133, it is regarded as async NR-DC in DL but sync NR-DC UL, Then, the UE will have ambiguity to determine whether it is sync NR-DC and its capability on supporting of Async NR-DC as well.
2) It is not clear whether intra-FR power sharing Mode 2 can work in this case, where semi-static transmission direction check (i.e. DL or UL) across CG will be more complex than aligned CA case.
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Figure.2 Illustration of semi-static power sharing mode 2
The issues in Observation 3 may need to revisit definition of sync/async NR-DC. Specifically, RAN4 may need to change their specification if we are to support DC + unaligned CA, at least changing the definition in 7.6.6 of 38.133. And RAN1 may need to re-consider the UE behavior of semi-static power sharing Alt 1-2 when DC + unaligned CA in both MCG and SCG. However, since it is late stage of Rel-16, we should avoid signficant spec change, to stabilize Rel-16 specification.  
Observation 4: RAN4 may need to change their specification if we are to support DC + unaligned CA, at least changing the definition in 7.6.6 of 38.133. And RAN1 may need to re-consider the UE behavior of semi-static power sharing Alt 1-2 when DC + unaligned CA.
Finally, we don’t see operator has demand on the deployment of NR-DC + unaligned CA in both MCG and SCG. And supporting it will cause extra testing and UE implementation efforts. 

Observation 5: There is no operator to demand on the deployment of NR-DC + unaligned CA in both MCG and SCG. And supporting it will cause extra testing and UE implementation efforts.
Based on Observation 1-4, we don’t see the necessity to support it in Rel-16 due to the lack of use cases. To minimize testing and UE implementation efforts, we would like to preclude such scenario in Rel-16. This can be revisited in Rel-17 if there is a demand raised.
Proposal 1: In Rel-16, clarify that at most one non-zero offset across cell groups in NR-DC + unaligned CA, and unaligned CA is supported only in one of cell groups in NR-DC.
For the case of NR-DC + unaligned CA in one CG only, we still have issues illustrated in Observation 3. Since it introduces a new UE aspect into the existing sync-DC and async-DC, we should introduce a new UE capability for the support for “unaligned CA in NR-DC (in one CG only).
Proposal 2: Introduce a new UE capability for the support for NR-DC with unaligned CA in one CG only.
3 Conclusion
In this contribution, we discuss whether NR-DC can be configured with unaligned CA in both MCG and SCG with different non-zero slot offsets.
Observation 1: Supporting NR-DC is never in the scope of unaligned CA in WI - LTE_NR_DC_CA_enh-Core WID, whether only supporting “Rel-16 inter-band CA” is in scope
Observation 2: All RAN1 agreements on unaligned CA didn’t explicitly mention NR-DC. Some agreements mentioned “PSCell”, but all these agreements emphasized “for CA case”.

Observation 3: In some NR-DC + unaligned CA band combinations, SCell in MCG may not be slot aligned with SCell in SCG while PCell and PSCell are SFN aligned. It will cause below ambiguity for the UE:

1) According to definition of sync NR-DC in 38.133, it is regarded as async NR-DC in DL but sync NR-DC UL, Then, the UE will have ambiguity to determine whether it is sync NR-DC and its capability on supporting of Async NR-DC as well.
2) It is not clear whether intra-FR power sharing Mode 2 can work in this case, where semi-static transmission direction check (i.e. DL or UL) across CG is needed.
Observation 4: RAN4 may need to change their specification if we are to support DC + unaligned CA, at least changing the definition in 7.6.6 of 38.133. And RAN1 may need to re-consider the UE behavior of semi-static power sharing Alt 1-2 when DC + unaligned CA.
Observation 5: There is no operator to demand on the deployment of NR-DC + unaligned CA in both MCG and SCG. And supporting it will cause extra testing and UE implementation efforts.
Proposal 1: In Rel-16, clarify that at most one non-zero offset across cell groups in NR-DC + unaligned CA, and unaligned CA is supported only in one of cell groups in NR-DC.

Proposal 2: Introduce a new UE capability for the support for NR-DC with unaligned CA in one CG only.
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Appendix 1 (collection of RAN1 agreements)
RAN1#98b

Agreements:
· Support explicit RRC signalling of slot offset to the UE in unaligned frame boundary with slot alignment and partial SFN alignment inter-band CA.

· Where the slot offset for a CC is defined w.r.t. the Pcell/pScell timing, with slot granuality defined as (to down-select)
· Alt 1: the maximum of Pcell/pScell lowest SCS among all the configured DL/UL BWPs and the CC’s lowest SCS among all the configured DL/UL BWPs

· Alt 2: 

· If the CC is FR1, 15kHz; If the CC is FR2, 60kHz

· Alt 3: 

· If the CC is FR1, 60kHz; If the CC is FR2, 120kHz

· Alt4: 120kHz

· Others?

· FFS: RAN1 Spec if any impact

· Note: Offset is always signalled if the offset is not zero for the UE indicating this capability

· Observation: One slot right-shift and one slot left-shift corresponds to different samples in the current spec description  

Note: it is confirmed that the offset Range is to be limited to ±76800Ts as in the WID

4.1 RAN1#99

Agreements:

Update and confirm the working assumption that Alt 1 modified as below

Alt 1: the granularity of the offset is determined by the maximum of Pcell/pScell lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList and the CC’s lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList

Update and confirm the working assumption as below

· For slot offset N, for CA case, the beginning of slot #0 of the CC with lower SCS (or PCell/PScell for equal SCS) coincides with the beginning of slot #(qN mod M) of the CC with higher SCS (or SCell for equal SCS) 

· Where 

· q = -1, if lowest SCS of PCell/PScell is smaller than or equal to lowest SCS of SCell

· q = 1, otherwise

· M is the number of slots per frame in the CC with higher SCS 

· Note: Other simple description is not precluded as long as it is aligned with above principle.

· Here the lowest is same as the definition in Alt 1.

Note: For the combinations of 60kHz/60kHz and 120kHz/120kHz for Pcell/Scell with a UE-specific Pcell configuration, the above agreements may not be fully desirable. Discuss further offline whether or not to further address these cases (without any additional RRC impact). If no additional consensus reached by Friday, the above agreements stay as is

Agreement:
At most single non-zero offset duration (independent on SCS) can be configured among CCs in the unaligned CA configuration.
Agreements:

For the lowest SCS combinations of other than 60kHz/60kHz and 120kHz/120kHz
· For slot offset N, for CA case, the beginning of slot #0 of the CC with lower SCS (or PCell/PScell for equal SCS) coincides with the beginning of slot #(qN mod M) of the CC with higher SCS (or SCell for equal SCS) 

· Where 

· q = -1, if lowest SCS of PCell/PScell is smaller than or equal to lowest SCS of SCell
· q = 1, otherwise
· M is the number of slots per frame in the CC with higher SCS 

· Note: Other simple description is not precluded as long as it is aligned with above principle.

· Here the lowest is same as the definition in Alt 1.

For the lowest SCS combinations of 60kHz/60kHz and 120kHz/120kHz
· For slot offset N, the beginning of slot #0 of the CC with lower subcarrier#0 of CRB#0 coincides with the beginning of slot #(qN mod M) of the CC with higher subcarrier#0 of CRB#0 

· Where 

· q = -1, if subcarrier#0 of CRB#0 of PCell/PScell is lower than subcarrier#0 of CRB#0 of SCell

· q = 1, otherwise

· M is the number of slots per frame in the CC 

· Here the lowest is same as the definition in Alt 1.

Introduce support for unaligned frame boundary with slot alignment and partial SFN alignment for R16 NR inter-band CA [RAN1, RAN2]


Misalignment should be limited to ±76800Ts


Signaling support for slot offset if necessary


Note: Unaligned frame boundary is only allowed for certain band combination


Note: Necessity of signaling support of slot offset should be discussed in RAN1


Note: Blind detection of slot offset is not in scope


Note: No optimization for MAC


Note: Feature is optional and capability signaling is introduced by RAN2 








Agreements in RAN1#99:


Update and confirm the working assumption that Alt 1 modified as below


Alt 1: the granularity of the offset is determined by the maximum of Pcell/pScell lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList and the CC’s lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList


Update and confirm the working assumption as below


For slot offset N, for CA case, the beginning of slot #0 of the CC with lower SCS (or PCell/PScell for equal SCS) coincides with the beginning of slot #(qN mod M) of the CC with higher SCS (or SCell for equal SCS) 


Where 


q = -1, if lowest SCS of PCell/PScell is smaller than or equal to lowest SCS of SCell


q = 1, otherwise


M is the number of slots per frame in the CC with higher SCS 


Note: Other simple description is not precluded as long as it is aligned with above principle.


Here the lowest is same as the definition in Alt 1





7.5.6	Minimum Requirements for inter-band NR-NR DC


The UE shall be capable of handling a maximum uplink transmission timing difference between PCell and PSCell as shown in Table 7.5.6-1 provided that the UE indicates that it is capable of synchronous NR-NR DC [16].


Table 7.5.6-1 Maximum transmission timing difference requirement for inter-band NR-NR synchronous dual connectivity


Frequency Range�
Maximum uplink transmission timing difference (µs)�
�
Cell in MCG�
Cell in SCG�
�
�
FR1�
FR1�
34.6�
�
FR2�
FR2�
8.5�
�
FR1�
FR2�
34.1�
�






7.6.6	Minimum Requirements for inter-band NR DC


The UE shall be capable of handling at least a relative receive timing difference between slot timing of signal from a cell belonging to the MCG and slot timing of signal from a cell belonging to the SCG at the UE receiver as shown in Table 7.6.6-1 provided that the UE indicates that it is capable of synchronous NR DC only [16].


Table 7.6.6-1: Maximum receive timing difference requirement for inter-band synchronous NR DC


Frequency Range�
Maximum receive timing difference (µs) �
�
Cell in MCG�
Cell in SCG�
�
�
FR1�
FR1�
33�
�
FR2�
FR2�
8�
�
FR1�
FR2�
33�
�
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